Abstract. Transforming growth factor-β1 (TGF-β1) signaling has been shown to play a critical role in the development of epithelial-mesenchymal transition (EMT). PAI-1 is one of the most important target genes in the TGF-β/Smad signaling pathway, which can hinder the degradation of ECM composition and may promote cell invasion and migration. Oxymatrine (OM) is an alkaloid extracted from the Chinese herb Sophora flavescens Ait and has been demonstrated to inhibit the growth of various types of cancer cells including colorectal cancer. However, the anticancer effect of OM in colorectal cancer remains unclear. In the present study, we detected the expression of E-cadherin, α-SMA, FN, TGF-β1, PAI-1, Smad4, pP38 and pSmad2 in FHC, RKO and OM-treated RKO cells. We also detected pSmad2 and PAI-1 in RKO cells following the addition of SB203580 (a p38 MAPK inhibitor). The results showed that E-cadherin expression in RKO cells was significantly decreased, while PAI-1, TGF-β1, α-SMA, FN, Smad4, pSmad2 and pP38 expression levels were significantly increased in the RKO cells compared to levels in the FHC cells, which was almost completely reversed by OM. OM alleviated EMT induced in colorectal cancer via inhibition of TGF-β1/Smad signaling pathway activation by reducing P38-dependent increased expression of PAI-1. Hence, OM could be a novel therapeutic agent for colorectal cancer.
Introduction
Oxymatrine (OM) (structure shown in Fig. 1 ) is the principal component of Sophora flavescens Ait, which is frequently prescribed in traditional Chinese medicine. OM has been reported to have immune regulation, anti-inflammatory and diuretic effects (1) (2) (3) (4) (5) (6) . Moreover, OM inhibits the growth of various types of cancer cells (7) (8) (9) . Although there are some studies in regards to OM concerning the inhibition of malignant tumor cell growth, studies concerning the molecular mechanisms, signaling pathways, invasion and metastasis of the anticancer effects of OM are rare.
Colorectal carcinoma is one of the most common malignant tumors (10) . Invasion and metastasis are fundamental properties of malignant colon cancer, which lead to a high recurrence rate after surgery and therapeutic approaches (11) . In the process of tumor metastasis, epithelial-mesenchymal transition (EMT) is a key mediator (12) . The molecular mechanisms of EMT involved in tumor metastasis remain unclear, and current treatments have limited effectiveness. Thus, in order to develop new effective therapeutic measures for colon cancer, further investigation of its molecular mechanisms is required.
Plasminogen activator inhibitor 1 (PAI-1) is a rapid and specific inhibitor of the plasminogen/plasmin system (13) . In recent years, studies have demonstrated that PAI-1 is a potent regulator of tumor growth in vivo. Increased PAI-1 has been confirmed in many solid tumor types and was found to be associated with a poor prognosis (14) (15) (16) . Thus, PAI-1 is regarded as a biochemical marker for poor prognosis and may serve as a therapeutic target for various types of cancers. There is evidence that plasma PAI-1 is closely correlated with rectal cancer metastasis, and tumor tissue PAI-1 is associated with the histopathology and outcome of rectal cancer (17) . Whether PAI-1 may serve as a target in the antitumor therapy of colorectal carcinoma remains unclear.
EMT is a process by which epithelial cells lose their orientation and cell-cell contact, and acquire migratory and invasive properties of mesenchymal cells. Transforming growth factor-β1 (TGF-β1) is known as a key mediator of EMT (18) . TGF-β1 promotes EMT via upregulation of ECM expression and downregulation of transcriptional activity of matrix-degrading enzyme genes. Increasing studies have shown that SBE (Smad binding element) exists in the promoter region of genes, such as PAI-1, regulated by TGF-β (19) . SBE in the promoter region of these genes combines directly or indirectly with the Smad complex. PAI-1 is one of the most Oxymatrine inhibits the migration of human colorectal carcinoma RKO cells via inhibition of PAI-1 and the TGF-β1/Smad signaling pathway important target genes in the TGF-β/Smad signaling pathway, which can hinder the degradation of ECM composition and may promote cell invasion and migration (20) . It is unclear how TGF-β/Smad controls PAI-1 in colorectal cancer and the relation between PAI-1 and colorectal cancer.
In the present study, we investigated the anti-metastatic and anti-invasive effects of OM in RKO cells. Simultaneously we detected the effects of OM on the TGF-β1/Smad signaling pathway and PAI-1 in RKO cells to investigate the underlying signaling molecular mechanisms by which OM inhibits the invasion and metastasis of RKO cells.
Materials and methods
Reagents and medicine. OM was obtained from National Institutes for Food and Drug Control (Beijing, China). The relative molecular mass of OM is 264.367, and the molecular structural formula is C 15 H 24 N 2 O 2 . The purity of OM was determined by high-performance liquid chromatography (HPLC) as 98%. OM, a colorless columnar crystal, was dissolved in PBS and prepared for 20 mg/ml mother solution. The solution was stored at -20˚C in a refrigerator and stored away from light. Serum-free and antibiotic-free RPMI-1640 medium was diluted to the required concentration. OM was diluted to the required concentration by serum-free and antibiotic-free RPMI-1640 medium for use.
TRIzol Cell culture. Colorectal carcinoma RKO cells, obtained from ATCC Biosciences Center, were grown in RPMI-1640 medium supplemented with 10% heat-inactivated fetal bovine serum (FBS; Gibco, Carlsbad, CA, uSA), 100 µg/ml streptomycin and 100 U/ml penicillin in a humidified atmosphere containing 5% CO 2 at 37˚C. Cells grew as a single cell layer attached to specially treated plastic surfaces. The human fetal colon FHC cell line was cultured in basal medium (cat. no. 30-2006) supplemented with 10 mM HEPES, 10 ng/ml cholera toxin, 0.005 mg/ml insulin, 0.005 mg/ml transferrin, 100 ng/ ml hydrocortisone and 10% fetal bovine serum. In order to maintain the viability and active growth of adherent cells, it is necessary to subculture them at regular intervals (2 or 3 times a week). Cells during an exponential growth phase were used in the experiments. However, in the invasion and migration experiments, the cells were cultured in a serum-free medium. The cells were randomly divided into three groups: FHC cell control group (FHC group), untreated RKO cell group (uR group), and OM-treated RKO cell group (OR group).
Cell Counting Kit-8 assay. The antiproliferative effects of different concentrations of OM on the RKO cell line were detected by CCK-8 assay. Cells were seeded at a density of 1x10 4 per well in 100 µl of RPMI-1640 medium with 10% FBS in 96-well plates. On the next day, the medium was replaced with serum-free RPMI-1640 with OM (from 0-20 mg/ml) for the RKO cells. Each concentration was used in 4 wells. After incubation for 24, 48, 72 h in a humidified atmosphere containing 5% CO 2 at 37˚C, respectively, 10 µl CCK (5 mg/l) was added each well, and the plates were incubated for an additional 4 h. Then the medium was discarded, and the absorbance (A) of the CCK-8 solution was determined at 450 nm using a multiwell spectrophotometer (Bio-Tek Instruments, XL-808, Winooski, VT, uSA). The proliferation rate of the cells was calculated as follows: Proliferation rate (%) = A of the treated wells/A of the control wells (OM 0 mg/ml) x 100. The assay was performed in triplicate.
Wound healing assay. The cells were seeded into 6-well plates and when the cells were grown to confluency, a wound was created by manually scraping the cells with a pipette tip. Debris was removed from the culture by washing it twice with PBS. Then the cells were incubated with serum-free medium to exclude the effect of cell growth facilitated by serum and the cells were then allowed to migrate into the wounded area at 37˚C. Images were immediately acquired at 0 and 24 h after wounding and measured using Image-Pro Plus 6.0 software. The cell migration rate (%) = (wound width at 0 h -wound width at 24 h)/wound width at 0 h x 100. The assay was performed in triplicate.
Western blot analysis. Cells were plated onto culture flasks at a density of 2x10 5 cells/ml and cultured at 37˚C in 5% CO 2 . On the next day, different concentrations of OM (0, 0.25, 0.5, 1 and 2 mg/ml) were added. After 24 h, the levels of proteins were quantified through western blot analysis. Proteins were extracted by the addition of 200 µl of lysis buffer [50 mmol/l Tris-HCl (pH 7.4), 5 mmol/l EDTA, 1% Triton X-100, 150 mmol/l NaCl, 5 mmol/l MgCl 2 , 2 mmol/l Na 3 VO 4 , 1X Complete™ protease inhibitor] to each well. The cell lysates were incubated on ice for 30 min vortexing every 10 min, followed by centrifugation at 12000 x g for 30 min at 4˚C. An amount 40 µg/µl of protein of the cell lysate was mixed equally with 2X electrophoresis buffer [50% glycerol, 25% mercaptoethanol, 10% SDS, 0.3 M Tris (pH 6.8), 0.025% bromphenol blue] and boiled for 10 min. The samples (40 µg of protein) of total cell lysates were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis at 75 V (the voltage was changed to 100 V when the indicator reached 1.5 cm from the edge of the 10% separation gel) and electrophoretically transferred onto a polyvinylidene difluoride membrane (Millipore) in transfer buffer containing 25 mM Tris, 150 mM glycine and 20% methanol. The membranes were blocked using 5% skim milk at 37˚C for 2 h. The membranes were then incubated with primary antibodies for 16-18 h at 4˚C. The membranes were washed in 1X TBST 3 times (10 min each time) at room temperature. The membranes were subsequently probed with an anti-rabbit IgG antibody with the HRP-conjugated secondary antibody (1:1000) for 2 h. Control blots were performed using anti-actin antibodies. The membranes were washed in 1X TBST for 3 times (10 min each time) at room temperature, and detection was achieved by measuring the chemiluminescence of the blotting agent after exposure of the filters to X-omat films. The densities of the bands were quantified using a computerized densitometer (ImageJ Launcher, Broken Symmetry Software).
Reverse transcription PCR. Different concentrations of OM (0, 0.25, 0.5, 1 and 2 mg/ml) were added into the cells, respectively. After 24 h, the levels of mRNA were quantified through reverse transcription-PCR (RT-PCR). RNA was isolated from the treated RKO cells using TRIzol reagent. Following the manufacturer's protocol, cDNA was generated from the total RNA using the GoScript™ Reverse Transcription system kit. Subsequently, PCR was conducted using the following primer sequences: sense primer: β-actin (used as the input control), forward primer, 5'-ACCACCATGTACCCAGGCAT-3' and reverse primer 5'-CCGGACTCATCGTACTCCTG-3'; TGF-β1 (400 bp NM 021578.2), forward primer 5'-AAGGCTCGCCAG TCCCCCGA-3' and reverse primer 5'-AGTGGGGGTCAG CAGCCGT-3'; PAI (1400 bp), forward primer 5'-CGGAGC ACGGTCAAGCAAGTG-3' and reverse primer 5'-GGTGAG GGCAGAGAGAGGCAC-3' . Reaction conditions consisted of: 95˚C for 5 min (initial denaturation), followed by 35 cycles of 95˚C for 30 sec, 58˚C for 60 sec and 72 ˚C for 60 sec. This was followed by a final 8-min extension period at 72˚C. The 5 µl amplified fragments, to which 1 µl 6X loading buffer was added, were visualized on 1.5% agarose gel electrophoresis at 120 V for 20 min. The results were investigated under a transilluminator. The PCR product was subjected to electrophoresis and the absorbance (A) was analyzed by gel imaging and an analysis system. The relative mRNA level (%) = A of the treated PCR product/A of the β-actin PCR product.
Statistical analysis. All assays were performed in triplicate. Statistical analyses were performed using the SPSS 19.0 software program (SPSS, uSA). All data are presented as the mean ± standard deviation (SD). Statistical differences were determined by the Student's t-test. Statistical significance of differences was accepted at P<0.05.
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Results

Effects of oxymatrine on the proliferation of RKO cells.
The cytotoxicity of OM was evaluated using the Cell Counting Kit-8 assay. As illustrated in Fig. 2 and Table I , after RKO Table I . Effects of OM on the proliferation of RKO cells. OM inhibits the migration of RKO cells. OM was used to examine the effect on the migratory ability of RKO cells by wound healing assay. As a result, treatment of OM obviously reduced the migratory potential of the RKO cells (Fig. 3) . The treated cells survived up to 2 days, indicating that the inhibitory changes were not due to the cytotoxic effect of OM. These findings suggest a critical role of OM in inhibiting the migration of RKO cells.
Effect of OM on the EMT of colorectal cancer cells.
To evaluate the effect of OM on RKO cells, the results of the CCK-8 assay, in dose-dependent and time-dependent trials, confirmed that a dose of 0.50 mg/ml for 24 h was unlikely to exert a significant toxic effect on the cells. Therefore, 0.50 mg/ml OM was used in the subsequent tests. To determine whether OM affected EMT, related marker expression levels of E-cadherin (marker for epithelial cells) and α-SMA (marker for mesenchymal cells) were examined by western blotting. The results showed that E-cadherin was significantly reduced and α-SMA was markedly increased in the RKO cells as compared to the FHC cells. After the RKO cells were treated with 0.50 mg/ml OM, OM obviously upregulated E-cadherin expression and downregulated α-SMA expression (Fig. 4) . Taken together, these results demonstrated that OM reversed the EMT process in the colorectal cancer cells.
Effect of OM on fibronectin (FN) in colorectal cancer cells.
One key indicator of tumor cell migration is the accumulation of ECM proteins such as FN. EMT mainly leads to the deposition of ECM. To confirm whether OM affects ECM expression, we examined the expression of FN by western blotting, which showed that FN was significantly increased in the RKO cells as compared to the FHC cells. After the RKO cells were treated with 0.50 mg/ml OM, the expression of FN was significantly decreased in the RKO cells as compared to the untreated control group (Fig. 4) . The results suggest that OM can alleviate the excessive deposition of FN in colorectal cancer.
Effect of OM on the expression of TGF-β1, P38 and PAI-1 in RKO cells.
The TGF-β1/Smad signaling pathway plays an important role in EMT. P38 promoted the TGF-β1/Smad signaling pathway in EMT, suggesting that P38 has an synergistic effect on colorectal cancer. To determine whether OM affects the TGF-β1/Smad signaling pathway in RKO cells and to investigate the probable molecular mechanisms, we .687 µm at 0 h, respectively. There was no significant difference (P>0.05). After 24 h, the wound area distances of the 0.25 mg/ml OM-treated RKO group and 0.5 mg/ml OM-treated RKO group were 394.074±7.032 and 430.883±18.028 µm, respectively, which were obviously wider than the distance of the uR group (298.662±18.923 µm) (P<0.05). (B) The cell migration rates of the 0.25 mg/ml OM-treated RKO and 0.5 mg/ml OM-treated RKO groups were 17.88 and 11.62%, which were obviously lower than the migration rate of the uR group (38.95%).
** P<0.01.
used western blotting and RT-PCR to examine the protein and mRNA expression levels of TGF-β1 and PAI-1. In addition, Smad4, pSmad2 and pP38 were detected by western blotting. Western blotting showed that the protein levels of TGF-β1, pP38 and PAI-1 were significantly increased in the RKO cells as compared to the FHC cells. Meanwhile, the protein expression levels of TGF-β1 and PAI-1 were significantly decreased in the OR group as compared to the uR group (Fig. 5) . RT-PCR results showed that TGF-β1 and PAI-1 mRNA levels were markedly increased in the uR group as compared to the FHC group. After RKO cells were treated with OM, OM was able to decrease TGF-β1 and PAI-1 mRNA expression as compared to the uR group (Fig. 6 ). Of note, the protein levels of Smad2/3/4 and pSmad2 were significantly increased in the RKO cells as compared to the FHC cells, which implied that TGF-β1 markedly induced Smad2 phosphorylation of RKO cells. Meanwhile, the protein levels of Smad2/3/4 and pSmad2 were significantly decreased in the OR group as compared to the uR group, which demonstrated that OM could reverse Smad2 phosphorylation via downregulation of TGF-β1 expression.
Taken together, these results demonstrated that OM markedly inhibited the Smad2 phosphorylation and the formation of Smad2/3/4 induced by TGF-β1 and eventually reduced the protein and mRNA levels of PAI-1.
Effect of OM on the expression of P38 in RKO cells.
Previous studies have found that P38 is associated with PAI-1 proteins in their free forms, as well as when they are bound to TGF-β1. P38 had a positive correlation with PAI-1 between the uR group and FHC group, which suggests that the RKO cells exhibited increased PAI-1 expression perhaps through the P38 and OM-mediated downregulated PAI-1 expression perhaps by inhibiting P38 expression. To further investigate the molecular mechanisms involved in OM-inhibited EMT in RKO cells, we treated the RKO cells with SB203580 (a p38 MAPK inhibitor). Then western blotting was used to detect the protein levels of pSmad2 and PAI-1. Western blotting showed that SB203580 inhibited pSmad2 and the expression of PAI-1 induced by TGF-β1 as compared to the RKO cells (Fig. 7) . The results suggest that P38 regulates the phosphorylation of Smad2 and the synthesis of the Smad2/3/4 compound. Taken together, these results demonstrated that the protein expression and transcriptional activity of PAI-1 were regulated by the TGF-β1 signaling pathway via P38. Moreover, these results suggest that OM inhibits the protein expression and transcriptional activity of PAI-1 via inhibiting the increase in P38 induced by the TGF-β1 signaling pathway.
Discussion
Tumor metastasis is the principal cause of the mortality of colorectal cancer patients, and is also a key factor determining the extent of colorectal cancer progression (10) . TGF-β1, as a fundamental mediator of ECM, plays a critical role in the EMT process by a Smad-dependent pathway, resulting in tumor metastasis (18) . Smad2 proteins are phosphorylated by the TGF-β1 receptor and mediate the intracellular signal transduction of TGF-β1 (21) . PAI-1 is not only a rapid and specific inhibitor of the plasminogen/plasmin system, but is a potent regulator of tumor growth in vivo. Increased PAI-1 has been confirmed in many solid tumors and was found to be associated with a poor prognosis in several human cancers including colorectal cancer. Thus, PAI-1 has been an attractive potential target for various cancers. Recent studies have demonstrated that the expression of TGF-β1 was significantly increased, while the expression of PAI-1 was significantly increased in colorectal tissues from patients with colorectal cancer, resulting in the persistent activation of the TGF-β1/Smad pathway (19, 20) . This activation leads to the induction and promotion of EMT in colorectal cancer cells and the subsequent onset of tumor metastasis. Similarly, these studies have shown that the expression of E-cadherin (a marker for epithelial cells) was significantly reduced, while the expression of α-SMA (a marker for mesenchymal cells) and FN (an important component of ECM) were significantly increased. The mRNA and protein levels of TGF-β1 and PAI-1 were markedly increased in the colorectal cancer cells. These results suggest that EMT was induced and promoted in colorectal cancer by elevating the expression of TGF-β1 and PAI-1.
In the present study, the protein and mRNA levels of PAI-1 were upregulation in the colorectal cancer cells, which implied that the expression of PAI-1 was regulated at the transcriptional level, including the P38 gene. P38 is recognized as an important positive regulating factor of the TGF-β1/Smad signaling pathway, which promotes activation of TGF-β1 target genes and enhances the biological effects of the TGF-β1/Smad signaling pathway by interacting with Smad proteins (22) . Furthermore, we performed in vitro western blotting assay and found that SB203580, a p38 MAPK inhibitor, markedly inhibited the expression of PAI-1.
As an important regulator, P38 modulates signaling pathways. P38 promotes activation of the TGF-β1 signaling pathway. Once TGF-β1 signaling is activated, P38 binds to pSmad2/3 and induces upregulation of Smad2/3/4. In the present study, the expression of P38, pSmad2 and PAI-1 was significantly increased in the RKO cells, demonstrating that TGF-β1/Smad promotes the P38-mediated increased expression of PAI-1 mRNA mediated by p-Smad2/Smad3.
OM is a traditional Chinese herbal product. As the main active component of Sophora flavescens Ait, OM has multiple pharmacological effects and functions. OM was found to attenuate EMT of hepatocellular carcinoma and pulmonary carcinoma via inhibiting the TGF-β1/Smad signaling pathway (23) . However, it is not known whether OM can attenuate EMT of colorectal carcinoma in the development of tumor metastasis. Our findings showed that OM reversed the marked decrease in E-cadherin and significantly increased α-SMA, FN, TGF-β1, pSmad2, Smad2/3/4 and P38 and attenuated the P38-dependent increased expression of PAI-1 induced in colorectal cancer, which indicates that OM can inhibit EMT in colorectal cancer via inhibiting the TGF-β1/ Smad signaling pathway by reducing P38-dependent increased expression of PAI-1. Hence, OM could be a novel therapeutic agent for colorectal cancer.
